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Abstract 
Carbon Capture and Storage technology (CCS) has the potential to play a key role in reducing CO2 emissions as required by 
international commitments. CCS must be included in the portfolio of solutions in order to reach the target of world emissions 
reduction by 50% in 2050. One of the most relevant European initiatives for the deployment of CCS technologies is promoted by 
the Fundacion Ciudad de la Energia (CIUDEN). CIUDEN has a complete programme focused on the development of CCT and 
CCS, particularly oxycombustion technology. 
This paper includes the description of CIUDEN´s Capture Technology Developing Plant, currently under construction in NW 
Spain. The installation includes a 20 MWth PC boiler, a 30 MWth CFB boiler, a fuel preparation unit, a biomass gasifier, a flue
gas cleaning train, and a CO2 processing unit. The commissioning of the TDP is planned for November 2010. This is the only 
installation in the world with two large pilot oxy boilers capable of burning a wide range of coals, biomass and pet coke under
conventional combustion or oxycombustion conditions. 
Results are expected to significantly contribute to the development and deployment of oxycombustion technologies, particularly 
valuable as technical support for the OXYCFB300 Compostilla Project which aims to validate this technology at demo scale. The 
Compostilla OXYCFB300 Project is based on a 300 MWe Circulating Fluidised Bed (CFB) supercritical oxycombustion plant, 
with CO2 storage in a saline aquifer. The operation of this installation is planned to start in 2015. 
© 2010 Elsevier Ltd. All rights reserved 
Keywords: Oxycombustion; CCS test facility; CO2 capture
1. Introduction 
Energy projections made by the World Energy Council, the International Energy Agency (IEA) and the US 
Energy Information Administration give similar pictures of the dominant role of fossil fuel in the future primary 
energy global demand. Global demands grow by 40% between 2007 and 2030, with coal use rising the most in 
absolute terms. 
Energy efficiency and renewables are in the long term the most sustainable solutions both for security of supply 
and climate. But the portfolio of solutions considered to reach the target of world emissions reduction must include 
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CO2 capture transport and store. Without CCS, CO2 emissions levels by 2050 are expecting to increase by 70%. 
Under the scenario defined by the IEA, CCS would contribute with 3% of the world abatement energy-related CO2
emissions by 2020 and 10% by 2030. In this scenario, global deployment of CCS is projected to capture over 10 Gt 
of CO2 emissions in 2050 [1, 2, 3, 4]. 
One of the current European initiatives in terms of R&D&D on CCS is the El Bierzo Technology Development 
Plant (TDP) which is supported by the Spanish Government through The Fundacion Ciudad de la Energia 
(CIUDEN). CIUDEN is a research and development institution created by the Spanish Administration in 2006 and 
fully conceived for collaborative research in CCS and CCTs thus contributing to the strengthening of the industrial 
and technological base in Spain and by extension in Europe [5]. 
2.  CIUDEN CO2 capture programme 
CIUDEN´s main objectives within the CO2 Capture Programme are the research, development and demonstration 
of efficient, cost effective and reliable CCS and advanced CCT as well as third generation flue gas cleaning through 
the design and operation of a large scale integrated test facility for advanced technologies on CO2 capture in power 
generation [5]. 
The Capture TDP incorporates the following technologies: 
- Fuel Preparation unit 
- Pulverized coal boiler (20 MWth) operating from air-mode to full oxymode 
- Circulating fluidized bed boiler (15 MWth air-mode, 30 MWth full oxymode) 
- Oxidant preparation system 
- Flue gas cleaning train for NOx, dust and SOx
- CO2 capture: compression/purification train (oxy) / absorption unit (air and oxy mode). 
In addition, the Capture TDP includes a biomass gasification unit of 3 MWth, as part of another initiative of the 
Spanish Government. Figure 1 shows a diagram of the installation [6,7,8]. 
Figure 1: Schematic diagram of the CIUDEN´s Capture TDP 
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The facility is located in Northwestern Spain, in the province of Leon, close to the 1312 MWe Compostilla 
Power Station, owned by Endesa. The investment on the CIUDEN Capture TDP is of 100 M€ and places Spain at 
the forefront of world’s CCS development initiatives. 
Figure 2: CIUDEN´s Capture and Transport TDPs in the vicinity of Compostilla Power Station 
General objective to be reached within CIUDEN’s Capture programme is to obtain the necessary data to solve the 
technical uncertainties:  
• Obtain data on the combustion behaviour of the specified coals in conventional combustion and oxy-
combustion conditions. 
• When operating in oxy-combustion mode, provide a rich CO2 gas stream for the testing of process 
equipment (liquefaction type) used for CO2 sequestration. 
• When operating in air mode, provide the flue gas stream for testing and demonstration of post-combustion 
carbon capture equipment  
• Obtain data to evaluate the impact that oxycombustion might have on the combustion, emissions and on 
radiant and convective boiler surfaces 
• Thermo-economic and environmental simulations of units and overall plant  
• Transient periods simulation in systems and components  
• Heat transfer + modelling  
• Combustion, ignition and flame stability + CFD models  
• Mineral matter: ash, slagging and fouling  
• Formation and reduction of pollutants: NOX, SOX and others  
• Advanced process simulation  
• Tools development for scale up  
• Impact of SOx, NOx and Hg in the flue gas on CO2 separation, compression and pipeline transport 
• Pollutants separation technologies design and evaluation 
• Inerts and impurities removal from product gas 
• Flue gas treatment and CO2 compression/purification integration  
• Development of catalysts for Hg capture and oxidation  
• Oxidation in high gas temperature / O2 enriched environments  
• Influence of S and Cl on high T corrosion of structural steels  
• Identification of the best combination of technologies for CO2 flow depuration for transport and storage 
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The construction of the Capture TDP commenced in November 2008. Commissioning is planned for November 
2010 (PC boiler).  
Figure 3: CIUDEN´s Capture TDP current status. Coal silos and fuel preparation unit at the front, PC boiler at 
the back 
2.1. PC Boiler 
The design of this unit has been done according to an indirect firing scheme. It includes a fuel preparation unit – 
grinding, milling and drying - which allows testing a wide range of coals (anthracite, bituminous, subbituminous and 
petcoke) even if the boilers are not in operation. The pulverized coal is stored in an independent silo which permits 
up to 6 days of continuous operation. Furthermore, the boiler is designed to operate up to 25% of its thermal power 
provided by forest biomass. 
The PC Boiler has a geometry representative of commercial boilers, taking into account the peculiarities of a 
pilot plant in order to generate data / information in the experimental unit for a comparison with a full-scale 
operation. The boiler is of a vertical water-tube type, of natural circulation with draft balanced by forced and 
induced draft fans, with selectable and adjustable furnace draft. Conditions of the steam generated are 30 bar and 
420ºC. Boiler flue gas temperature is variable from 350°C to 425°C, so as to have sufficient thermal level for 
subsequent high temperature gas treatment processes. The flue gas temperature at the outlet of the Economiser is set 
at 350°C – 425°C. In the Feed Water Pre-Heater located in the gas outlet duct of the SCR, gases are cooled to 
200°C. 
The unit has multiple burners which provide a very flexible design and wide range of operation conditions. It is 
possible to arrange tests under wall firing burners (four burners, on the opposite walls), arch firing burners (two 
burners) and tangentially firing burners (four burners). Moreover, the PC Boiler includes a large number of 
over/under fire openings in order to test the optimal combustion configuration.  
The commissioning of the PC Boiler and auxiliaries is planned for November 2010. 
2.2. CFB Boiler 
The CFB boiler is a natural circulation boiler in a balanced draft furnace with water cooled walls. The CFB unit 
design allows either the operation under conventional combustion or under oxycombustion conditions. When 
operating under oxycombustion conditions, the thermal capacity can be increased from 15 MWth up to 30 MWth. 
The conditions of the generated steam are 30 bar and 250°C. 
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The CFB boiler has a cooling system for solid material returning to the furnace in order to control the operating 
temperature inside the boiler, a solid separator for the recirculation of bed material, an ash sealing-direction device, 
a heat recovery area and an economizer. 
The size of this combustor is sufficient to allow the scaling of the results to commercial units while maintaining 
the investment cost and operating expenses relatively low. The CFB unit will provide the opportunity for testing in-
bed removal technologies such as the addition of limestone in order to reduce the concentration of the SO2.
The commissioning of this unit is planned to start in April 2011.  
2.3. .- Oxidant Preparation System 
The oxidant stream required for oxycombustion is to be obtained from mixing oxygen with recirculation gas 
(with or without air) in order to temper combustion. The minimum temperature will depend on the acid dew point in 
the recirculated stream. 
Different configuration for the formulation of the oxidant stream has been taken into account for several reasons: 
 This allows investigation of different concentrations and mixtures 
 Material behaviour at high oxygen concentration can be studied while others maintain more moderate 
proportions 
 The oxygen concentration in fuel transport streams can be controlled to avoid the possibility of early 
combustion 
 Control the moisture content in the solids transport stream to avoid condensation in cold parts of the 
system.  
In the combustion chamber the following oxidizer inlets are to be considered for the PC boiler: 
 Primary Oxidizer (CB1): to introduce pulverised coal into the furnace through the burners, supplying at the 
same time a part of the means of oxidation necessary for combustion 
 Secondary Oxidizer (CB2): to provide total and safe combustion of the fuel in the furnace (principal source 
of oxygen). 
 Tertiary Oxidizer (CB3): to stage combustion and minimize NOx formation. 
The CFB boiler is to implement two oxidant streams, CB1 and CB2, but not CB3.  
In order to reach partial or total oxycombustion conditions in the boiler, flue gases are to be recirculated and 
mixed with oxygen. There are two recirculation streams: FGR1 taken downstream from the desulphurisation unit, 
and FGR2 taken upstream from the desulphurisation unit. 
An independent conditioning system is required in order to control the proportion of oxygen in the mixture and 
therefore the operating temperature Design parameters in the oxidant streams are the following: CB1 (30% 
maximum), CB2 (70% maximum), CB3 (40% maximum). Temperature of the oxidant streams will be those 
resulting from the preheating carried out for each stream. The nominal values of these temperatures are: CB1 (90°C 
– 215ºC), CB2 and CB3 (300°C – 330ºC). 
2.4. Flue gas cleaning train 
The flue gas cleaning train is comprised by a Cyclone System. A Selective Catalytic Reduction unit, a Bag Filter 
and a Flue Gas Desulphurisation unit is to be tested and operated at CIUDEN’s Capture TDP. Figure 4 shows a 
diagram of the flue gas cleaning train. 
Flue gases from the combustion island, at a temperature between 350-425ºC, will pass through a cyclone system 
in order to remove particles and hence avoid possible erosion problems in the heat exchanger units.   
A Selective Catalytic Reduction (SCR) unit is located at the cyclone system outlet with the aim to reduce the 
nitrogen oxides (mainly NO and NO2) contained in the combustion gases. Once the combustion gases leave the 
SCR, they are conducted through a feed water preheater from which they enter in the bag filter unit at a temperature 
of 200ºC. The objective of the bag filter installation is to reduce the particulate content in the gases in order to 
comply with the limits fixed by environmental regulations and eliminate problems that could arise in the CPU unit, 
Finally, flue gases will pass through a wet flue desulphurisation unit so as to remove SO2 contained and therefore 
eliminate problems that would arise in terms of efficiency in the CO2 absorption system, due to the similarity 
M. Lupion et al. / Energy Procedia 4 (2011) 5639–5646 5643
6 M Lupion/ Energy Procedia 00 (2010) 000–000 
between the properties of SO2 and CO2, at the time of reacting with the amines to form unrecoverable corrosive 
salts.  Furthermore, the purpose of the system is to comply with the SO2 limits fixed by environmental regulations. 
Figure 4. Diagram of the flue gas cleaning train. 
2.5. CO2 processing 
The Capture and Purification Unit (CPU) has been designed in order to obtain a scaled-up unit where CO2 is 
generated under proper conditions to be eventually transported and stored. Heavy metals, such as mercury, and acid 
contaminants are to be removed. In this manner, the closed loop system to experiment CO2 pipeline transport 
behaviour is to be operated and tested at different purities.  
In order to reach a wide range of operating conditions in the CPU unit, the next arrangements can be applied in 
the TDP: 
 Operation of the CFB Boiler or the PC Boiler 
 Utilisation of different fuels in the boilers 
 Configurations of by-passes existing in the flue gas cleaning system so as to obtain different concentrations 
of contaminants such as SOx, NOx and non-condensables like Ar, O2 or N2
2.6. Design fuels 
One of the special features of the CIUDEN´s Capture TDP is its versatility in using different fuels (multifuel 
capability). The installation is designed to process four types of fuel; biomass is to be also processed in a future 
phase. Table 1 shows main characteristics of the design fuels considered. 
Proximate analysis 
as received (wet) 
Anthracite Bituminous Subbituminous Pet coke 
Moisture (%) 8.8 7.5 26.8 6.8 
Volatiles (%) 6.5 22.3 36.8 10.6 
Ash (%) 32.0 13.8 1.5 0.8 
Fixed carbon (%) 52.7 56.4 34.9 81.8 
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H.H.V. (kcal/kg) 4888 6550 4941 7785 
Table 1: Design fuels of the CIUDEN´s Capture TDP 
3. The OXYCFB300 Compostilla Demonstration Project 
An agreement with Endesa to work together in CCS was signed in 2009 to shape a joint program that will allow 
the validation of the technology to be implemented in a 300 MWe demo plant using oxycombustion CFB 
technology.
The Compostilla OXYCFB300 Project is based on a 300 MWe Circulating Fluidised Bed (CFB) supercritical 
oxycombustion plant, with CO2 storage in a saline aquifer. This technology will be tested first on CIUDEN´s 30 
MWth Technology Development Plant currently under construction close to ENDESA’s Compostilla Power Station 
in NW Spain, in which it will be scaled to demonstration size (300 MWe). The operation of this installation is 
planned to start in 2015 [9, 10]. 
The Project has two phases: 
- Phase I. Technology Development (2009-2012). This phase includes the construction of three Technology 
Development Plants (TDPs) at pilot scale: CO2 capture and transport TDPs in the vicinity of Compostilla PS, and 
the storage TDP in Hontomin (Burgos, Spain). These activities will provide the project with valuable experience and 
technical support for Phase II. This phase also includes the survey and geological characterisation of a safe and 
suitable geological CO2 storage for all the demo plant lifetime, development of the Project FEED including the 
plant, pipeline and the injection infrastructure, the permitting process, and the associated engineering studies 
required to guarantee the successful delivery of Phase II. 
- Phase II. Construction of the Demo Project Infrastructure (2013- 2015). By mid 2012, the Final Investment 
Decision (FID) process of the integrated Project will be started, based on the knowledge and results obtained from 
Phase I, and the final permitting, financial and economical boundary conditions of the Project, that must converge 
with positive results before Phase II will be approved to go ahead. Phase II includes the construction of a 300 MWe 
demo plant at the Compostilla site together with the corresponding CO2 transport and storage infrastructure. The 
reason for adopting this staged approach to implementation (pilot-scale TDP followed by large-scale Demo Plant) is 
to significantly reduce the potential for economic and technical challenges that could arise during the Demo Plant 
phase of the Project [9, 10].  
The Compostilla OXYCFB300 Project is a consortium of three partners: (1) Endesa Generacion, coordinator of 
the Project and owner of the Compostilla PS which is the site of the 300 MWe Capture Demonstration Plant; (2) 
CIUDEN, responsible of construction and operation of the Capture, Transport and Storage Technology 
Development Plants (TDPs); and (3) Foster Wheeler Energia Oy, the technological provider of the Circulating 
Fluidised Bed units in the Capture TDP and Demo plant. 
The Project has been selected by the European Energy Program for Recovery (EEPR) to receive funding of 
180M€ to complete the Phase I. 
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